Exam nati on of a Boundary Layer Jet

MARC E. TOUCHTON

1. Introduction

During the second | eg of the OC3570 Oceanography crui se,
the RFV Pt Sur experienced strong wi nds and rough seas August 6-
7, 2001. Rawi nsondes |aunched during this period showed the
exi stence of a jet like wind nmaxi num at the boundary |ayer
interface. Al so evident fromthe rawi nsonde data was the sl oping
of the boundary | ayer from hi gher heights offshore to | ower
hei ghts inshore. Just off the coast the weather inproved
considerably. Wnds were light and the seas decreased.
Scatteronetry data froma pass during the cruise shows the high
wi nds experienced by the ship (Fig. 1).
2. Purpose

The purpose of this project was to exam ne the boundary
| ayer jet evidenced by the surface and raw nsonde dat a.
Theoretical wi nds were calculated fromthe sl ope of the boundary
| ayer and conpared to observed val ues.
3. Data

The data fromthe cruise used for this project includes
rawi nsondes, the quick observations and SAIL data. Three of the
rawi nsondes fromthe cruise were during the tinme period and
depict the higher wnds at the boundary |ayer. The |ocations and
time are depicted in Figure 2. The raw nsondes are | abel ed as

Stations 1-3 for the purposes of this project with 1 being the



earliest and 3 the |atest. Plots were generated using the
downcast portion of the raw nsonde data due to the accuracy of
the tenperature and dew point cal cul ati ons being greater.
Tenperature and dew point fromeach station are plotted in
Figures 3-5. The |lower 2000 m of the raw nsondes are plotted
with tenmperature, dew point and wind speeds (Fig. 6-8). Sea
surface tenperatures were pulled fromthe Quick observations
sheets hand-held IR sensor values. Surface w nds were pulled
fromthe SAIL data.

Station 1, the sounding furthest west and south, was
omtted for nost calculations for a nunber of reasons. First,
the longitudinal proxinmity to Station 2, but with a nuch |arger
hei ght is incongruous. This disparity may have been caused by
t he heights decreasing in the intervening tine and/or the heights
al so sloped to the south. Unfortunately, insufficient data was
collected for the exact reason to be known. Secondly, while
Stations 1 and 2 are nearly the sane distance off the coast, only
Station 2 lines up with Station 3 on a bearing perpendicular to
the coast. Finally, Stations 2 and 3 are closer tenporally, wth
approximately 5 hours (5 hr 8 mn) between them

The height of the boundary |ayer was determ ned fromthe
rawi nsonde hei ght that showed the first significant tenperature

i ncrease. The hei ghts produced were:

Station 1 Station 2 Station 3

289 n 250 n 225 n




The height of the inversion was determ ned fromthe raw nsonde
hei ght val ue where the tenperature stopped increasing. The

hei ght s obt ai ned were:

Station 1 Station 2 Station 3

637 nn 589 n 570 nn

These heights were then graphed to depict the slope of the
boundary layer and the inversion (Fig. 9). The graph is oriented
with Station 3 on the left and Station 2 on the right. It
depicts the slope of the layers, as it would be seen | ooking
south. The distance between Stations 2 and 3 was 29.88 km and 30
km was used for ease of calculations. The slope of the boundary
| ayer was 8.33 mper 10 km The sl ope of the inversion was 6. 33
m per 10 km

The SST at Station 2 (3) was 16.1 °C (12 °C). The SST
tenmperature gradient was 1.33 °C per 10 km The surface air

tenperature at Station 2 (3) was 14.96 °C (13.42 °C). The air

tenperature gradient at the surface was .5133 °C per 10 km
Vertical tenperature and wi nd speed profiles were generated
between Stations 2 and 3 (Figs. 10 and 11). Tenperature and w nd
speed val ues were interpolated at every 30 mfromthe raw nsonde
data and then plotted using the contour fill function of MATLAB.
These profiles are oriented with Station 3 on the left as in the
previous figure. The tenperature profile (Fig. 10) shows the
sl opi ng gradi ent associated with the boundary | ayer. The w nd
speed profile (Fig. 11) shows the sloping jet core associ ated

wi th the boundary | ayer.




4. Dynanics
I n geostrophic adjustnment, if the Rossby Radius of
Def ormation squared is less than the |Iength scal e squared
(L2 >> Lg?), velocity will adjust to the initial height field.
The geostrophic wind can then be cal cul ated using the follow ng

formul a:

vg =991 (1)

f ox

Wiere, g is the gravitational constant, 9.8 ms? f is the
Coriolis force, 10°% and derivate of H represents the change in
hei ght in the x-direction.

In a sinmple sloping field (Fig. 12), a decreasing slope in
the positive y-direction will produce a wind in the negative x-
direction or out of the page.
5. Analysis

For the purposes of these cal cul ations, the bearing between
Stations 2 and 3 was considered to be in the x-direction,
positive in the direction of Station 3. This results in a
negati ve sl ope value for the boundary | ayer and the inversion.
When cal cul ated using Equation (1), this will result in a
negative or northerly wind. The follow ng table shows the
cal cul at ed geostrophic wi nd based on the boundary | ayer sl ope and

the inversion slope between the different stations.

W nd Stations 1-3 Stations 1-2 Stations 2-3
Boundary 20.9 m's 17.5 m's 8.1667 m's
| nver si on 21.8867 n's 20.6 nis 6.2067 m's




The observed winds at the surface, the boundary | ayer and the

inversion at each station are detailed in the follow ng table.

Station Sur face Boundary Layer I nver si on
1 15 m's 15 nm's 3.8 ms
2 11.5 m's 17 m's 7.9 ms
3 9 nm's 13.9 m's 11.1 m's

The results conputed between Stations 1 and 3 are much
hi gher than any observed val ues. The sl ope between these
stations is speculated to not be representative of the slope at
any time during the cruise. The values between Stations 1 and 2
and Station 2 and 3, however, natch the observed values wthin a
safe margin of error. Reasons for the difference will be covered
in section 6. Interestingly, the surface wi nd speed val ue at
Station 3 matches very closely with the cal cul ated geostrophic
wi nd speed for the nobst representative.

The geostrophic wind cal cul ated shoul d not exactly match
the observed values. It does not take into account frictional
effects. Nor does it considered the effects of the nean
background flow on the wind. Additionally, the val ue cal cul ated
is an average value for the intervening layer and will not
necessarily match any of the values recorded by the raw ndsonde.
6. Sources of Error

Rawi nsonde neasurenents are very likely the greatest source
of errors in the calculations. Wnd averaging cal cul ati ons by
the rawi nsonde could be in error and do not have enough
resolution to clearly describe the wind field. Boundary |ayer

and i nversion heights pulled fromthe raw nsonde data nmay not




exactly match the actual heights. Wnd drift of the sensor could
result incorrect distance cal cul ati ons between the stations at

t he boundary | ayer height. The tenperature and dew poi nt
nmeasurements are al so suspect. Any contam nation of the sensors
could |l ead to erroneous val ues.

The tenporal and space variations of the raw nsonde
measurenments al so introduce errors to the calculations. A
tighter resolution in both space and tine would provide nore
accurate neasurenent of the variation of the boundary | ayer
hei ght .

Undet ected variations of the environment could also lead to
i ncorrect paraneterization of the physical characteristics. Once
again, a finer resolution of observations would inprove the
accuracy of the neasurenents.

Finally, human error in determning the heights, averaging
and i nterpolation of the pertinent values would skew the results.
7. Concl usi ons

The existence of a jet due to a sl oping boundary | ayer does
seemto exist. The limted data collected verifies the sl ope and
the increased winds at the boundary layer. A nore detailed study
with greater data would define this feature and its
characteristics nuch nore adequately.
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Fi gure 1.
California coast for the period of the cruise.
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Figure 2. Location and tines in GMI of the raw nsonde | aunches.
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Figure 3. Upper-air sounding taken at 1323 GMI, 06 August 2001, 35 20.25 N 121 37.20°W
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Figure 4. Upper-air sounding taken at 2046 GMI, 06 August 20001, 35 32.019N 121 37.165W
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Figure 5. Upper-air sounding taken at 0154, 07 August 2001, 35 37.783N 121 21.01W
Aawinsonde, 1323, 08 August 2001
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FIG 6. Lower 2000 mof Station 1 raw nsonde with w nds.
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FIG 7. Lower 2000 mof Station 2 raw nsonde with w nds.
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FIG 8. Lower 2000 mof Station 3 raw nsonde with w nds.
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FIG 9. Boundary |ayer and inversion heights.
Temparaiure[deg C) cormours. between stafions 2 and

Haighlirm)

o .} 10 18 20 1.}
Destarca [hm)

FIG 10. Tenperature profile between Stations 2 and 3.
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FIG 11. Wnd speed profile between Stations 2 and 3.
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FIG 12. Diagram show ng sloping layer with respect to the y-
direction.
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